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1. Introduction 
Water is an essential resource to the life of all living 
organisms on earth. As established in literature, about 75% of the 
earth is filled with water [1]. But unfortunately potable water 
shortage still persists in most developing countries [2]. Statistical 
data on water inadequacy shows that about 1.0 - 1.2 [3-5], and 1.2 - 
2.4 billion people [6], in the world lack access to potable and safe 
water respectively. In Africa, there are over 300 million people who 
lack access to potable water [5, 7]. Furthermore, since the1970s 
several cities in Nigeria have been experiencing water shortages, they 
include but not limited to Aba, Port-Harcourt, Kano, Ibadan etc [8].  
Some compounding factors are responsible for the 
inadequacy of potable water: but two major factors include; rapid 
urbanization [8, 9], and increasing population, agricultural and 
industrial activities [2]. It was further estimated that the availability 
of potable water in the Niger Delta has decreased from 10 
L/person/day in 1994 to 5.5 L/person/day in 2000 [9].  Inadequacy 
of potable water or poor water quality can result to substantial 
problems like, toxicity, poor agricultural productivity and health 
problems such as outbreak of diseases [1, 2].  
Some researchers have revealed that water borne diseases 
such as typhoid, dysentery, cholera and diarrhoea are on the rise in 
the Niger Delta [1, 8]. While diarrhoea have been reported as the 
global second leading cause of under 5 mortality, with an estimated 
1.5 - 1.8 million mortality per year [2]. Groundwater in the preferred 
source of potable water in the Niger, due to the fact that it is less 
prone to contamination as a result of its natural filtration [10]. The 
Niger Delta region is blessed with large quantity of groundwater 
from shallow aquifer, but the region is still challenged by water 
inadequacy due to the commercialization of available potable water, 
making it unavailable to indigent people. Bayelsa state is 
characteristically a wetland, yet there are no functional central 
potable water supply systems. Hence, the main source of water for 
domestic use remains untreated water, as well as water from private 
and commercial boreholes [2, 10].  
The Niger Delta has two hydrological regimes, the inland 
and coastal area. Both regimes experience poor water quality which 
grossly limits their potability [1]. Several authors have reported that 
the persistent and indiscriminate disposal of sewage and municipal 
solid waste in the region, may result to the anthropogenic pollution of 
groundwater in the Niger delta [3, 4, 8, 11, 12]. There are several 
challenges associated with the use of contaminated water, including 
toxicity, which could affect body organs [13, 14], deleterious taste, 
odour and colour, etc. [15], as well as the outbreak of water borne 
diseases. In this study, we compared the physicochemical quality of 
treated and untreated water in Kolokuma/Opokuma Local 
Government Area (KOLGA). 
 
2. Materials and Methods 
2.1. Location: Bayelsa state is located in the southernmost part of 
Nigeria (latitudes 4o 49N and 5o 23N and longitudes 6o10E and 6o 
33E). It is one of the Niger delta states with a central tributary (River 
Nun), with two other tributaries flanked to the west and east as rivers 
Forcardos (in Delta state) and Orashi in Rivers state. 
Kolokuma/Opokuma (KOLGA) is one of the Local Government area of 
Bayelsa State, with its headquarter in Kaima town. It has a population 
density of about 60, 000. It is located between latitudes N05o 07∣ 
13.8∣∣ and longitudes E006o 18∣ 04.5∣∣. The study was conducted 
amongst randomly selected treated and untreated groundwater (i.e 
borehole water) in some common communities in KOLGA (Table 1). 
The study area has a tropical humid hot climate with two prevailing 
seasons. They are the rainy and dry seasons which last between 
March to October and November to February respectively, with 
precipitation of over 2000mm per annum. 
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Table 1: Description of sampling point with their respective 
coordinates 
S/N Sampling 
Points 
Coordinates Aquifer 
Depth Latitude Longitude 
1. Okoloba N05o 02∣ 49.1∣∣ E006o 14∣ 40.3∣∣ 60Ft 
2. Odi N05o 10∣ 19.8∣∣ E006o 17∣ 55.1∣∣ 60Ft 
3. Kaima N05o 07∣ 13.1∣∣ E006o 18∣ 04.8∣∣ 70Ft 
4. Sampou N05o 08∣ 47.3∣∣ E006o 21∣ 16.9∣∣ 45Ft 
5. Opokuma N05o 04∣ 25.1∣∣ E006o 16∣ 57.8∣∣ 65Ft 
6. Kalama N05o 07∣ 59.3∣∣ E006o 16∣ 57.8∣∣ 50Ft 
7. Igbedi N05o 02∣ 40.1∣∣ E006o 20∣ 12.1∣∣ 60Ft 
 
2.2. Samples Collection and Analysis: Treated and untreated 
groundwater from the same sources (i.e. in pairs), were randomly 
collected from seven communities in KOLGA, Bayelsa state, Nigeria in 
the month of April, 2015. The samples were analyzed for some heavy 
metals and physicochemical parameters using standard analytical 
methods [16, 17]. Some Parameters determined in-situ including; 
Temperature, pH, Electrical conductivity (EC), total dissolved solid 
(TDS), Dissolved Oxygen (DO) and turbidity using portable field kits 
(Hach’s CO 150 Conductivity/TDS, pH, Hach’s 2100P turbidimeter 
and Liuhui UHT003 meters, respectively). While for ex-situ analysis, 
the following methods as described below were used. 
2.2.1. Determination of Nitrate: The sample tube was filled to 20ml 
mark and a spatula full of zinc oxide powder was added and 
vigorously shaken followed by the addition of the reduction tablet. 
The sample tube was allowed to stand for 10mins for the sample to 
settle. 100ml of cleared sample solution was decanted into another 
10ml sample tube.1 tablet of nitricol was added and crushed. This 
was left to stand for another 10 minutes for colour development. The 
spectrophotometer is set at 570nm and transmittance value was now 
recorded. 
2.2.2. Determination of biochemical oxygen demand (BOD): The 
biological oxygen demand (BOD) was determined using the method 
described by APHA [16] and Ademoroti [18]. The constitute of 
dilution water was prepared with Phosphate Buffer solution 
consisting of about 8.5g KH2PO4, 21.75g K2HPO4, and 33.4g 
Na2HPO4.7H2O and 1.7g NH4Cl in per litre of solution. Magnesium 
Sulphate consisting about 22.5g MgSO4.7H2O is dissolved in 16 flasks 
and made up to the mark with distilled water, Calcium chloride 
solution consisting of about 0.25g CaCl2 was dissolved in 7 Litre with 
distilled water, Ferric Chloride solution consisting of about 0.25g 
FeCl3.6H2O was dissolved in 1Litre flask and made up to the mark 
with distilled water. There were all preserved in a stocked bottle.  
The water sample was diluted by 2% in the 150ml BOD 
bottles 100ml through long tipped pipette. The bottles were filled to 
the brim with dilution water in accordance with percentage of 
dilution required. A stopper was inserted without leaving air bubbles. 
The initial dissolved oxygen (DO) was determined before dilution 
from one of the duplicate samples sets. A blank was also carried out. 
Both the sample and blank was incubating for 5days in the dark at 
20oC.  The five-day BOD5 is computed from the DO values initial and 
5-day and the percent dilutions using the formula; 
𝐵𝑂𝐷𝑚𝑔/𝐿 =  
(𝐷𝑂0 − 𝐷𝑂𝑑)
% 𝑑𝑖𝑙𝑢𝑡𝑖𝑜𝑛𝑠
 
𝐵𝑂𝐷𝑚𝑔/𝐿 =  (𝐷𝑂0 − 𝐷𝑂0) ×
𝑣𝑜𝑙.𝐵𝑂𝐷 𝑏𝑜𝑡𝑡𝑙𝑒𝑠
𝑚𝑙 𝑠𝑎𝑚𝑝𝑙𝑒
 
Where;  
DOo = Initial DO 
DOd = DO after 5days 
2.2.4. Heavy metals determination: The heavy metals including 
arsenic, zinc, lead, copper, mercury, cadmium, chromium and iron 
were analysed using Atomic Absorption Spectrophotometer (AAS) 
(APHA 301A) (model: 5100 PC, Perkin-Elmer, Boston, USA).  
2.3. Statistical Analysis: SPSS software version 16 was used to carry 
out the statistical analysis of the. The data were expressed as Mean ± 
standard error. A one-way analysis of variance was carried out at P = 
0.05, and Tukey HSD Test was used to determine the source of the 
detected differences.  
 
3. Results 
The Physicochemical Parameters of Treated and Untreated 
Groundwater from KOLGA, Bayelsa state is presented in Table 2. The 
temperature ranged from 25.940 – 33.180 ºC across both treated and 
untreated water. However, there were significant differences (P< 
0.05) between the treated and untreated ground water in the various 
study location. The pH of the water was significantly highest in the 
untreated ground water across all the location ranging from 4.313 - 
5.786, while the pH of the treated water samples ranged from 5.240 - 
6.623. Basically, there were significant differences (P< 0.05) between 
the treated and untreated ground water in the various study 
locations.  
Like pH, the conductivity of the water was least in the 
treated ground water and highest in the untreated water. The 
conductivity level of treated and untreated ground water ranged 
from 13.233 – 41.710 μS/cm and 40.040 - 121.000 μS/cm 
respectively. There were significant differences (P< 0.05) between 
the treated and untreated ground water in the locations. The total 
dissolved solid concentration of treated and untreated ground water 
in this study ranged from 11.163 – 29.143mg/l and 19.173 - 86.143 
mg/l respectively. There were significant differences (P< 0.05) 
between the treated and untreated ground water across the different 
locations.  
The dissolve oxygen concentrations were significantly 
higher in treated groundwater. However, the dissolved oxygen 
concentration of treated and untreated groundwater from the study 
area ranged from 4.147 - 4.780 mg/l and 5.297 - 7.517 mg/l 
respectively. Analysis of variance showed that there is significant 
variation (P<0.05) between the treated and untreated ground water 
across the different sampling stations (Table 2). The difference that 
exists between the treated and untreated groundwater as well as the 
locations is presented in Table 2. The biological oxygen demand of 
the treated and untreated groundwater from the study area ranged 
from 0.273 – 1.340mg/l and 2.130 - 3.170mg/l respectively being 
significantly different (P<0.05) from both treated and untreated 
across the different locations as shown in Table 2.  
Table 2: General Physicochemical Parameters of Treated and Untreated Groundwater 
Sample 
Code 
Location 
Temp 
(°C) 
pH 
EC 
(μS/cm) 
TDS 
(mg/L) 
DO 
(mg/L) 
BOD5 
(mg/L) 
Turbidity 
(NTU) 
NO-3 
(mg/L) 
BHUI Okoloba 27.763±0.033bc 4.690±0.031b 101.00±0.000j 57.510±0.000j 4.147±0.014a 2.843±0.033ef 45.213±0.333m 2.363±0.03hi 
BHTI 29.843±0.064e 6.190±0.058e 41.193±0.088e 23.473±0.120e 5.510±0.208d 1.330±0.208c 18.087±0.052f 1.063±0.022cd 
BHU2 Odi 28.436±0.203cd 5.240±0.025c 69.130±0.306g 69.663±0.219l 4.447±0.120ab 2.447±0.233de 29.607±0.333i 1.560±0.231ef 
BHT2 31.396±0.318f 6.636±0.032f 24.086±0.029c 21.357±0.088d 5.600±0.153d 0.650±0.031ab 9.893±0.032c 0.627±0.012ab 
BHU3 Kaima 29.343±0.037de 4.723±0.029b 89.740±0.351i 86.143±0.088m 4.567±0.176ab 2.630±0.115def 39.776±0.088l 2.067±0.044gh 
BHT3 33.180±0.351g 6.500±0.058f 32.966±0.467d 24.813±0.088f 5.790±0.029d 1.093±0.055bc 14.593±0.151e 0.926±0.022bcd 
BHU4 Sampou 26.433±0.333a 4.313±0.009a 121.000±3.055k 49.320±0.058i 4.497±0.067ab 3.170±0.058f 50.883±0.079n 2.780±0.115i 
BHT4 28.393±0.176cd 6.180±0.058e 49.710±0.115f 20.163±0.088c 7.517±0.0323 1.340±0.058c 19.507±0.120g 1.306±0.120de 
BHU5 Opokuma 29.330±0.058de 4.860±0.058b 81.993±0.333h 61.253±0.338k 4.300±0.058ab 2.473±0.120de 36.530±0.208k 1.777±0.088fg 
BHT5 32.100±0.577fg 6.533±0.028f 30.410±0.049d 29.143±0.088h 5.797±0.088d 0.730±0.058ab 11.497±0.145d 0.680±0.049abc 
BHU6 Kalama 26.600±0.153ab 5.580±0.058d 49.466±0.233f 28.343±0.186g 4.610±0.042ab 2.320±0.100de 27.140±0.058i 1.173±0.012de 
BHT6 29.600±0.252de 6.586±0.145f 19.307±0.088b 19.367±0.120b 5.297±0.088cd 0.417±0.032a 7.797±0.151b 0.533±0.009ab 
BHU7 Igbedi 25.940±0.026a 5.786±0.047d 40.040±0.035e 19.173±0.088b 4.780±0.153bc 2.130±0.058d 24.903±0.039h 1.113±0.039d 
BHT7 29.063±0.018de 6.623±0.009f 13.233±0.028a 11.163±0.018a 5.557±0.028d 0.273±0.009a 5.027±0.012a 0.470±0.058a 
Each value is expressed as mean ± standard error (n = 3). Different letters in each column indicate significant differences at P< 0.05 according to Tukey HSD 
Statistics. 
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The treated and untreated concentration of turbidity from 
water samples from this study ranged from 5.027 – 19.507 NTU and 
25.93 - 50.883 NTU. However, the treated water has the least 
turbidity concentration. Analysis of variance showed that there is 
significant different (P<0.05) between the treated and untreated 
ground water across the different sampling locations. Nitrate 
concentrations in this study were also significantly lower in the 
treated groundwater samples. However, the nitrate concentration for 
the treated and untreated water ranged from 0.470 – 1.306 mg/l and 
1.113 - 2.780 mg/l respectively. Typically, there is significant 
variation (P<0.05) between the treated and untreated ground water 
across the different sampling locations.  
Table 3, presents the heavy metal properties of Treated 
and Untreated Groundwater samples from KOLGA, Bayelsa state 
Nigeria.  Apart from treated ground water from Kalama, which had 
negligible trace of arsenic, there were no significant difference 
(P>0.05) between the level of arsenic in treated and untreated 
ground water. Though in most of the samples arsenic was not were 
below detectable limit. Notwithstanding, the concentration of arsenic 
ranged in untreated water ranged from 0.000 - 0.025mg/l. Zinc was 
not detected in the treated water samples from the study area. 
However, zinc concentration of 0.000 - 0.367mg/l, being significantly 
different (P<0.05) from untreated treated ground water it was 
detected. Lead, copper and mercury concentration were below 
detection limits in both untreated and treated ground water from the 
study area.  
Cadmium concentration was detected in untreated ground 
water from Sampou (0.012mg/l) and Egbedi (0.014mg/l). However, 
there were no variation (P>0.05) between the two locations, the 
cadmium were detected; but significantly varies (P<0.05) from other 
stations it was not detected in both untreated and treated ground 
water. The chromium level were only detected in untreated ground 
water from Sampou (0.014mg/l) and Opokuma (0.044mg/l); 
showing significant variations (P<0.005). In the other stations 
chromium was not detected hence there were no variation. The iron 
concentration in untreated and treated ground water from the study 
area ranged from 0.021 – 4.753mg/l and 0.000 -0.042 mg/l 
respectively. There were significant variation (P<0.05) between both 
treated and untreated ground water across the variation location. 
 
Table 3: Heavy metal properties of Treated and Untreated Groundwater from KOLGA 
Sample 
Code 
Locations 
As 
(mg/l) 
Zn 
(mg/l) 
Pb 
(mg/l) 
Cu 
(mg/L) 
Hg 
(mg/L) 
Cd 
(mg/L) 
Cr 
(mg/l) 
Fe 
(mg/L) 
BHU1 Okoloba 0.025±0.003a 0.367±0.012b BDL BDL BDL BDL BDL 4.310±0.012e 
BHT1 BDL 0.016±0.01a BDL BDL BDL BDL BDL BDL 
BHU2 Odi 0.011±0.001a BDL BDL BDL BDL BDL BDL 3.540±0.047c 
BHT2 BDL BDL BDL BDL BDL BDL BDL BDL 
BHU3 Kaima BDL 0.014±0.01a BDL BDL BDL BDL BDL 4.020±0.015d 
BHT3 BDL BDL BDL BDL BDL BDL BDL BDL 
BHU4 Sampou 0.016±0.002a BDL BDL BDL BDL 0.012±0.001b 0.010±0.001a 4.753±0.029f 
BHT4 BDL BDL BDL BDL BDL BDL BDL 0.042±0.002a 
BHU5 Opokuma BDL BDL BDL BDL BDL BDL 0.044±0.002b 3.078±0.009b 
BHT5 BDL BDL BDL BDL BDL BDL BDL BDL 
BHU6 Kalama 0.135±0.000b BDL BDL BDL BDL BDL BDL 0.021±0.000a 
BHT6 0.000±0.033a BDL BDL BDL BDL BDL BDL 0.000±0.001a 
BHU7 Igbedi BDL BDL BDL BDL BDL 0.014±0.002b BDL 3.063±0.031b 
BHT7 BDL BDL BDL BDL BDL BDL BDL 0.016±0.002a 
Each value is expressed as mean ± standard error (n = 3). Different letters in each column indicate significant differences at P< 0.05 according 
to Tukey HSD Statistics. BDL means below detection Limit or not detected. 
 
4. Discussions 
Based on Table 2, the physco-chemical parameters of the 
water plays essential roles in determining is suitability for 
consumption. In the Niger Delta region of Nigeria, salinity water 
intrusion into groundwater aquifers and elevated levels of nitrates, 
ammonia and chlorides is a challenge [19]. Typically the 
concentrations of nitrate were generally higher in untreated water 
than the treated ground water. This is an indication that treatment 
has effects on the nutrient composition of the water. The 
concentration of nitrate in this study is similar to previous reports on 
nitration concentration on ground water in Yenagoa metropolis, 
which are in the range of 0.2 mg/l [20], 0.136857 (dry season) to 
0.283286mg/l (wet season) [7], 2.95 –4.31mg/l (untreated ground 
water), 2.31 –3.53 mg/l (single treated ground water) and 1.20 –3.25 
mg/l in double treated ground water [2].  The concentrations were 
lower than the SON permissible limit of 50 mg/l. 
Electrical conductivity of the ground water is an 
expression of its ability to conduct an electric current. The 
concentration was generally lower than the permissible limit of 
1000µS/cm as recommended by SON. The conductivity of the ground 
water typically declined in the treated water as against the untreated 
ground water. This was higher than the concentration previously 
reported in Yenagoa metropolis, Bayelsa state, Nigeria, which is in 
the range of 6.341429 µS/cm (dry season) to 15.71857 µS/cm (wet 
season) [7]. But lower than the result of 900.42 µS/cm reported by 
Okiongbo and Donglas, [20]. Electrical conductivity is related to the 
ionic content of the sample which is in turn a function of the 
dissolved solids concentration, the relevance of easily performed 
conductivity measurements is apparent.  
Basically, temperature is the degree of coldness or hotness 
of a body. The temperature of ground water were basically higher in 
treated water samples than untreated water this various could be 
attributed to the fact that during treatment the water come in contact 
with radiation from the sun which further warm the water. The 
temperature reported in this study is comparable to previous 
findings on temperature of ground water in Yenagoa metropolis, 
Bayelsa state, which are in the range of 28.22857 ºC (wet season) to 
28.35143 ºC (dry season) [7], 26.24 – 27.41 ºC (untreated ground 
water), 28.35– 29.64 ºC (single treated ground water) and 27.45 - 
29.40 ºC in double treated ground water [2]. The temperature is 
within the ambient temperature previously reported in the Niger 
Delta region of Nigeria. 
Oxygen related parameters that determine water quality 
from this study include dissolved oxygen and biochemical oxygen 
demand. The concentration of dissolved oxygen biological oxygen 
demand found in ground water in Bayelsa state is lower than WHO 
permissible limit of 6mg/l and 40mg/l respectively apart from one of 
the treated ground water for dissolved oxygen. Typically, the dissolve 
oxygen concentration increased with treatment. This could be 
attributed to the removal of some of the nutrient from the water with 
treatment. This is clearly seen in the case of nitrate concentration 
that decreases with treatment. Unlike dissolved oxygen, the 
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biological oxygen demand decreases with treatment in this study. 
The result of this study has some similarities with the findings of 
other author that have reported the oxygen related parameters in 
ground water in Yenagoa metropolis, Nigeria, which were in the 
range of 4.08 mg/l (dry season) to 4.342857 mg/l (wet season) [7], 
4.14 – 4.48 mg/l (untreated ground water), 2.76 – 5.68 mg/l (single 
treated ground water) and 5.31 – 7.78 mg/l in double treated ground 
water [2], (dissolved oxygen) and 5.128571 mg/l (wet season) to 
6.614286 mg/l (dry season) [7], 0.08 – 0.43 mg/l (untreated ground 
water), 0.08 – 0.23 mg/l (single treated ground water) and 0.05 – 
0.11 mg/l in double treated ground water [2] (biological oxygen 
demand). Dissolved oxygen in ground water has no direct health 
implication.  
Turbidity is a measure of clay particles, sewage solids, silt 
and sand washings, organic and biological sludges found in the 
environment/soil etc. The turbidity of the ground water from this 
study is higher than the concentration of 5 NTU recommended by 
SON. Typically the turbidity decreased in all the water samples with 
treatment. However, turbidity level in this study is slightly higher 
than previous studies on ground water from Yenagoa metropolis, 
which are in the range of 1.855714NTU (dry season) to 4.401429 
NTU (wet season), 23.35 –30.17 NTU (untreated ground water), 
12.29 –18.08 NTU (single treated ground water) and 7.14–11.85 NTU 
in double treated ground water [2]. Turbidity is a major water quality 
indicator because by direct seeing the water gives a condition of the 
water.  
Total dissolved solid is the amount of matter or 
materials/substance that was unable to dissolve in the water. The 
quantity/concentration of total dissolved solid depend on several 
parameters especially nutrient such as nitrate, ammonium, chloride, 
etc. the concentration of dissolved solid in this study is typically 
higher in untreated ground water than the treated ground water. 
This could be attributed the fact that during treatment some of the 
particulate materials are removed through filtration. Apart from the 
study of Okiongbo and Donglas [20] that reported total dissolved 
solid of 450.29 mg/l from ground water in Yenagoa metropolis, the 
study is comparable to the findings of previous authors report, which 
are in the range of 5.485714 mg/l (dry season) to 6.585714 mg/l 
(wet season) [7], 48.00 - 96.00 mg/l (untreated ground water), 12.58 
–23.36 mg/l (single treated ground water) and 18.21 – 28.17 mg/l in 
double treated ground water [2]. Generally, the concentration of total 
dissolved solid in both untreated and treated ground water is lesser 
than permissible limit of 500mg/l. 
The pH of the treated ground water is close to neutral 
hence with the limit of 6.5 - 8.5 recommended by SON/who for 
potable water sources, while the pH of the untreated water were far 
lesser. Hence the pH level increased (tending towards alkalinity) with 
treatment. Typically the level is similar to the values other authors 
have previously reported in the Bayelsa state, which are in the range 
of 6.16 [20], 6.027143 (dry season) to 6.384286 (wet season) [7], 
4.39 – 5.17 (untreated ground water), 5.49 - 6.55 (single treated 
ground water) and 6.09 – 6.90 in double treated ground water [2] 
and 6.97 [3]. 
In Bayelsa State, high transmissivity and leakage factors 
with a heterogeneous permeability, making groundwater susceptible 
to pollution in the area, this have earlier been elucidated by some 
authors including Ekundayo [21] and Nwidu et al. [22].  Basically, 
hydrogeochemistry of groundwater is predicated on the fact that 
usefulness of groundwater to human to a large extent depends on its 
chemistry [7]. The chemistry of groundwater is determined by such 
hydrologic, climatic and hydrogeologic factors as, the type of aquifer, 
the mode and source of recharge, the drainage area, and the 
permeability of the soil cover of the area [21, 23].  
 
Typically, most resident of the state treat their borehole 
water prior to use so as to reduce the iron concentration. This clearly 
indicated or reflected in the result. Some of them typically use single 
and little other use double tank method for treatment. However, 
there are still other that do not threat the water at all. Irrespective of 
the type of treatment employed and or lack of treatment, the 
borehole water is usually mild acid with regard to pH and as such 
slightly below the permissible limit of SON and WHO. In waters with 
low dissolved solids, which consequently have a low buffering 
capacity (i.e. low internal resistance to pH change), changes in pH 
induced by external causes may be quite dramatic [24]. Extremes of 
pH can affect the palatability of water but the corrosive effect on 
distribution systems is a more urgent.  Okiongbo and Donglas [20] 
further reported that groundwater in the Bayelsa state are soft, fresh, 
and mildly acidic and low alkaline in nature. 
The demand of drinking water is increasing day by day due 
to the heavy growth of population and around 50% Nigerian are 
suffering with huge scarcity of potable water [6]. Effluents of 
manufacturing industries such as mining [25], textile, metal, dying 
chemicals, fertilizers, pesticides, cement, petrochemical, energy and 
power, leather, sugar processing, construction, steel, engineering, 
food processing, pharmaceutical wastes including antibiotics, anti-
epileptics, tranquilizers etc. often contains several types of toxic 
elements [26]. Heavy metals are toxic and carcinogenic in nature 
because of their ability to accumulate in tissue/organs of living 
organisms and cause various forms of diseases [27]. Typically, heavy 
metals in water cannot be degraded easily due to of their complex 
bioaccumulation properties [26]. Mercury, lead, zinc, cadmium, 
copper, arsenic, iron, cobalt, manganese, chromium are quietly 
studied and reported in the potable water sources of Nigeria [2, 28].  
Based in Table 3 lead, copper and mercury were not 
detected in both untreated and untreated ground water from the 
study region. This is an indicator that the consumption of potable 
water i.e. ground water from the study area could not dispose the 
resident to lead and mercury related issues. Typically, mercury and 
lead are non-essential metals that are not required by living 
organisms. Also previous study in Yenagoa metropolis by Ohimain et 
al. [2] have reported the concentration of lead and mercury in 
untreated, single and double treated ground water to be <0.01 mg/l. 
The concentration of copper was not found in the ground water. 
Unlike mercury and lead, copper is an essential element required for 
normal functioning of the body and other levity organisms. Copper is 
present naturally in metalliferous areas but more often its presence 
in waters is due to attack on copper piping. The challenge associated 
with high levels of copper in water is galvanic corrosion of tanks [24], 
hence their presence in the potable water may be due to the use of 
plastic pipe in the installation of water facilities. 
The elements found in the various ground water (treated 
and untreated) include arsenic, cadmium and chromium (non-
essentials) zinc and iron (essentials). Arsenic is a trace element found 
at variable concentrations in the environment i.e both aquatic and 
terrestrial. Inorganic and organic compounds of arsenic pesticides 
and insecticides could be harmful to the environment. In the few 
instances arsenic were detected in the untreated ground water in the 
study area it was relatively higher than the permissible limit of 
0.01mg/l as specified by SON [32] and WHO [33]. Arsenic in the 
ground water could result from contaminations form the 
environment. For instance, in one of the locations arsenic were not 
found in the untreated water but found in the treated water. Also 
previous study by Ohimain et al. [2] have indicated that arsenic in 
found in the range of <0.01 – 0.04 mg/l (untreated and single treated 
ground water) and <0.01 mg/l in double treated ground water in 
Yenagoa metropolis Nigeria. Izah and Srivastav [29] reported that 
prolong exposure to arsenic could lead diseases conditions including 
cardiovascular, hematological, neurological, respiratory, 
gastrointestinal and birth disorders, dermatitis and cancer.  
Chromium enters in the potable water through the 
discharge of effluent [30]. Chromium occurs in free-state as a mineral 
in several oxidative states [31]. Chromium is not needed by living 
organisms including humans. The concentration of cadmium in this 
study is below the SON/WHO permissible limit of 0.05mg/l. Also low 
concentration have been detected in potable water source in Bayelsa 
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state as 0.00128mg/l (dry season) and 0.00071 mg/l (wet season) 
[7], <0.01 – 0.04 mg/l (untreated and single treated ground water) 
and <0.01 mg/l in double treated ground water [2]. The 
concentration of cadmium recommended is 0.003mg/l (SON, WHO) 
which is higher than the concentration from this study. Hence the 
consumption of water from this region were this study were 
conducted do not pose any potential health effects. However, 
cadmium could enters to the soil and can contaminate the ground 
water and surface water through the runoff after rain in an industrial 
area. 
Zinc is one essential element of human body, and it can 
exists in nature either independently or as the oxide of other 
compounds. Regulatory bodies have recommended permissible limits 
for zinc as 3 mg/L [32]. Zinc concentration was below this limit and 
hence do not have adverse effects on consumption of these water. 
Also low concentration have been detected in potable water source in 
Bayelsa state as    0.007571 mg/l (dry season) and 0.004 mg/l (wet 
season) [7], 0.01 - 1.06 mg/l (untreated ground water), 0.24 – 
1.36mg/l (single treatment) and 0.05 – 0.21 mg/l in double treated 
ground water [2]. 
Iron is one of the most abundant elements found in Niger 
Delta environment mainly due to geology of the area. In Bayelsa state 
especially the concentration is so high that nearly all the water tank 
for ground water is coloured reddish brown, which indicate the 
presence of oxidize iron. As such the concentration of iron in the 
region often exceeds the permissible limit of 0.3 mg/l recommended 
by SON. This was clear in the study which also manifested in the pH 
of the water. Also, Okiongbo and Douglas [20] have reported over 
90% of the samples from Bayelsa state in their studies have iron 
content above the permissible limit for drinking water and thus 
would require treatment. However, after treatment the concentration 
reduced to below the standard accepted limit as recommended by 
SON. The objections to iron are primarily organoleptic, but there has 
been recent medical concern about high levels in drinking water. 
Typically the concentration of iron previously reported in Bayelsa 
sate have some similarity with the findings of this study and are in 
the range of 0.5407 mg/l (wet season) to 0.967143 mg/l (dry season) 
[7], 5.32 – 9.96 mg/l (untreated ground water), 1.67 – 2.00 mg/l 
(single treatment) and 0.05 – 0.31 mg/l in double treated ground 
water [2].  
 
5. Conclusion  
Bayelsa state is one of the treasure bases of Nigeria, with 
diverse resources including water. The Potability of borehole water 
in KOLGA was assessed in comparism with their respective untreated 
counterparts. Generally, from all assessed parameters, results 
indicate that, there was significant difference between treated and 
untreated borehole water in KOLGA. Notwithstanding, iron ranks 
highest amongst all heavy metals tested, while there was either, 
traced or non-detected levels of other heavy metals. However the 
high and significant level of detected iron is not attributed to 
anthropogenic activities but a major characteristic of the Niger delta 
aquifer. Based on our finding, we therefore recommend, government 
collaboration to train borehole artisans and also provide envisaged 
framework for the constant assessment of potable borehole water in 
Bayelsa state as a whole. 
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